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Tn carving oot the announend policy of the National Geo 
graphic Society wilh regard to annual contributions from ite 
Vieo-presidient= in their respoctive danuines of geographie selene, 
it hoa soomed giivisahle for the viewpresident of the * Gaograghy 
of the Air” to place before the Society this your a specu) papyr. 

The suliject selevted is the typical distribution of minfall in 
the United Stites aunt continivud territory, and on attempt Tins 
Iori eile te treat the subject in sucha manner that it may lea 
permanent oontribution ta the piesa sengraphy af the Unihed 
States, It gies without ‘saving that & paper covering twenty 
mitutes’ reading enrinet eo miuch into detail but itis hoped that 
the trestinont, while general, is vet such oa te give definite and 
ther ideas on. the sulijoct treated 

This paper doe not consider the distribution of rin from the 
atundpoint of the mean annual precipitation, docs not dwell-an 
the variahility or nomypoal amounts in conswcntive vars, omite- 
toy sliseuss the distribution from the standpoint of varying elewn- 
tions, and is silent onthe question af distribution with reference 
tip freqqueniy or aheence af exeesive mung «all periodic or weed 

Far, ene, Maa, pu Vy Tare, (44) 


460 Gen. AW Greely— Rainfall Types of the Owitedl Stites. 


dental ocewrrence. It confines itself to a question of proat and 
sometime vital importance, to the chametenstic distributiaty of 
firecipitation throughout the yenr and, we ty heliewer, pitts 
aetoowesftl analysis of the average fluctuations from month to 
- nenth, #0 thal jar the first tle a aitiefactory prridoitation ds 

possible of all the altuple rainfall types and of moet of the 
compodiie typed which obtain ofersthe broad expanse af the 
inhibited juirtions of North Amorini. 

The necessity of caraial me eclentifie study of climatic condi- 
tions in) connection with prospective enterprises, whither, par 
taining to agriculture, commerce, uevigation, or to spacial indus 
trices, as bocome obvious the past few years through the spur 
af competition, Among snith conditions, thie of minfall die 
tribution throughout the year is one of the most inipariant, 
With relation to agricultars, it jx ewential to know whether pine 
cipitiition comes at sich seasons os te be wa bemellt ofa dotritnent 
to the proposid crop, In the Initiation of irrigation enturpirises 
not only are the questions of guarding hestoek extelisive iin 
forrolitiol ritfille cn one fend aed of tidine over tenipairnry 
(rwughta on the other of importance, bat, farther, whether the 
moat copious precipitation cqour in auch monthe as te afford 
water af soasorghle periods or tho rain cones atsach hires that 
it muet be stored fir many months with consequent ioe from 
scepage and evaporation, Similurly, this question of distri 
tion of ruin throughout the Year affeety cioed patently other busi. 
ness interests af importanne. 

That these question are of current and practical value is 
evident to every thoughtfal man, aud that thelr earlier eluciia- 
tion mail the publication of results woul] have der an extorded 
binefit cannot bo wqiestioned. Tako agriculture, for tnt, 
which in exetern Colorade ix pureed inder differ!) conditions 
wherever irrigation i¢ tmproctionble, Failure of crops very 
frequently resulted until olporvation showed that a #eanty rin- 
fall in Jtine is the rule in that eoetion, and that hy planting ata 
éertain smuon the injurious effects of the dune drotiwht could be 
myrtiga ted, 

Nor fs thy notuwsity of sn leinite avul aecurate determitution 
of the typlenl forms of onnual previpitation in the eastern: part 
Of the United Shiites less obviote, since the latest text-book on 
inctedtulogy ih tite ii the United Stites, tat of Leoriis, contaiis 
bie eintenient that Thronghont most of the Dnited States ost 
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of the Rocky mountings the min i= pretty equally distihutel 
whi rongh the different months of the yenr, bol the rain of sum- 
wer is di dhe somewhat greater than that af winter, including 
melterd eHow.” 

Tih reality the whole esetion of country, about 200,000 square 
miles in extent, dominated by the Tennwees trp of minfall 
dex ir nouns i larger preel pitntion in-winter than ii summer, the 
emose averaging in northern Alabama and souther Kentucky 
aboot 10 pet cent, in weehere Ceoctia lind In Ténineised over 
20 per odcit, dnd insoutheatern Arkivimas tind northern Louisiain 
fret Al) to 50 pier oemt, (plies 20), 

| have pointed out elsowhero the vital iImprtanes of a favor 
able distribution of rainfall te certain sections of the country, 
where this favoring type of procipitation: has proved te be one 
af the great hares on which rots the national prosperity of this 
great roputlic. Allusion is made to the great grin-prvucing 
sections Chroughonl the water tativds of they uppor Missaseiyipl, the 
Mixnuri, the Ned tiver of the North, comprising the Dakotas, 
Minnestia, Kanes, Nebraska, Town, Missiviri, Wisedinin and 
Dihieis, Over the greater part of this imiiense aren the annul 
raitifall id very materially less than thatat the regions to the 
eastward or southward, but, moat fortunately for the country, 
about three-fifths of the minfall for the ontin year ooours oppor 
tonely through the period when it i2 roost beneticlal to crops, 
from April to July, inclusive. A lees fivorahly type of rainfall, 
the Mexican or the Saint Lawrence, for exaraple, would rendey 
growing of grain unprofitahly thromghout the whole of this 
favors) region. 

Tt-remaing to briefly indicate the few types of simple rainfall 
with the looulitie to which they refir, and to the coniposite 
tyre oectiriing thenigh the overlaypitie and inturforence of 
eiinjlo yr puce. 

Composite types nust prevail whore two simple typos are not 
separated by high mountuin rooges, and thos gradnally shade 
armour into wh other, One dividing line, the Rocky mort 
tain Tings, sepuitates hy its oredt, if net aleolutely, vet quite 
dhirply and difinitely, the Missouri type in Montara ean 
Wyonring froin the Pacitic type in Idaho wn! Waehington. 

The term anuple has heen appliod to those toinfall types whlel 
min be eriplically expressed by a ctitve with o single bond or 
liflection: The average ciently Alun pres from the singls 
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maximo fo the single minimnwn through uninterruptedly 
Jiminishing quantitie:, and thenes rise with onbeoken. imerenges 
tothe mexinum, The cumposite types aro these in whith the 
era phic expression woul he shown by two inflections, reanid me 
priiiry maxiinin throwgh the nininnun toa secondary nex 
frat) aid aeconcdary miro, 

In getieral terme itunay te said that exch simple type of nila 
fall in the United States up portals too single body of water for 
ité resulting precipliation ; thus tha Packie type comes ditectly 
from the Mueltie oeoun, the Mexican type from dhe gulf of Cudi- 
furttin, Hie Tittimsor type from the gulf of Mexico, and the 
Atlantic type from the Atlantic ocean, To the Missouri typo, 
however, hyo sourees wey evident-—primarily the galf of Mexioo, 
nnd secondarily, and to a much larger degren than has heen 
usally advanced, Hudson bay and he chain of creat American 
Tike. 

Sh treating the (uetustions of raititall throughout the year dt 
is evident that the unequal lengths of the different months alfevt 
dimiewhat the aceéitey of direct biter-comparisons of nornial 
indiitlily rainfall: There fll under ny observation laticly it 
curve aliowing euch initercomparkcons which proved misleading, 
tit shawed a tlecrense of rin from danoary to Febroary anid, 
an inoroase from February to March, when jn reality, a shown 

hy the average amount daily for each month, the rainfall became 

more copiot= ftom Januery to February and from February to, 
March. 

En this divenussion the rule has been followed of obtaining 
the normul daily rinfall by dividing the normal! yeurly min- 
fll be S625, In like manner the ie daily rainfall of 
February hia beet find bw wstiag BAe a divieor ariel Chin 
longest month liv using OL. Ln this nine for the aake of 
brevity anil in onder to avatd repetition, it it te be explained 
that the term “normal daily meinfll” is ypplind ta the mean 
determined from the annual precipitation, and that the terms 
“January rarnfall, March minfall,” ote, unlee otherwise oxplic- 
iM! bitten! tein tise tvutioe daily ameunt deterininal for the 
manth in question by the methods abowe inidiesated. 

The best clofined! ty pie of raltafiall within the Finite of the United! 
Stites ly that whieh dominates the Pucifie: comet rowiitt ; nies 
the specie nin.” Pact” hordin apptied. tn yiineral hairtnus 
it may be aaid to dominate: British Calauibia, Wasdinstun, 


The Pracitie Type. 40 


Idaho, Oregon, California; Nevada and western Utah; in other 
words, the groat intorion basin and the entire Packie watershed 
from British Columbia te lower California, excludin the seactiin 
draining ititiy ‘the gull of California. The characteristic feature 
are very heavy precipitation diaring midiwinter, and a almost 
total whwenee ofretitt diurine the late sunvtnde, 

The infrequeney dfsuniner rain ts minted in British Columbia, 
ail thoes southward it becomes steadily: tiore pronoutnent, 
piwing theeaneh the wfilations of single rainkess menth in 
northern Californin, then fro and three to its culmination of 
four ranks months ina considerable purt of southern California 
and western Novada. ‘There is.n tendency in the upper half nf 
the San Joaquin yalloy and thotice eouthward into the western 
part of San Diego county for rain to ceas: about a menth earlier 
aid to romain abet «month biter thin over the ret af the 
Pacifie coast region, the dry season being from June to Seplon- 
lwt, inclusive, and belng usually unbroken even by a poumsiiig 
shower, 

Fastern’ News appeare to shore freedom from rain dhorimg 
July, but the auturonal rains appear in Septonihor or parlor, 
under the infivenes in the southern part of that state of the 
Moxican type projvcting northward. The marked tendency of 
the winter rains to continue into epting in evident in Washington, 
whoeivoo it shailes with diminizhing persidtency to northem Cali- 
fornin-and orthwiestern Nevada, 

lt may be remarked that in the Pueifie coast reaionsé the 
amounts of rain vary very greatly, aceurding to the topography uf 
the aovtion and the distatice from the oon; #0 that the interiar 
copirekdions, si na the Sacramento, Ban Joaquin and other val- 
ley, portioulorly Howe parmtiel with the const, have a: scantior 
rainfall dion other the coast ifeelf or the Sierrn Nevada ond 
ather mountain ranges to thy eaatwourd, 

These varitiona in the total rminfall da not, however, mu THe 
the dietribation thronglinut the year, which is typically Pacific 

throtighout the whale region, 

As night be ox precatacel where the miintall t4 vory fiat], xitiele 
mith of excessive precipitation oomminially iiercsises tha mibte 
fallao ge to be mishialing For Instaney, it is apparent from 
lis peetion thik the ereutest nurtinil jekipitation i+ that of De 
outiler at both San Mero, Culiforiin, and Hallock, Nevada; vet 
uxacesive tuinfalls of 1.05 inchesin February, 1844, at the former 
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plow, aod 4000 Inches i Fobraary, [S70 af the Inter, throw the 
Fobruary daily precipitation slightly above that of December. 
Of the following examples of the Pacific type, five are threw 
frony the inherit, wir, Spoken, Washington, reords af 12 years 
Delano, Catifornia, 15 vears; Hotaé City, Lah, HY years | Prom 
ontory, Ptih, 21 your ; Halleck, Nevada, 21 years; ind three 
from) cost stations, vie, Astoria, Oreyou, 2 years; Sain Dingo 
tothe Seis I rtitvericiin, ‘Cnlifarnin, cach 41) yours, 





Normal filly Rainfall mort monthig Deperticres therefrenn, 
( Vintiher erry dem firmctioner af enw inte) 
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Angie siople type of rainfall is thatwhich too previous 
paper | designited of the Trot Doone,” fron the fiet Haat it 
Honiinnite oxtrtme western Texas lovin’ the Peco river Onn 
further investigation it proved ty prevail in) the provines of 
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‘Ohitimihiun,; atid now Tater-datd shows the grist piroleibilitiv that 
it dominntes far the greater prt of Mexico; hones it is now called 
the “ Mexican ” type. 

The characteristics of the Mexican type are very heavy pre- 
cipitation aller the «nmmer solstice and a very dry perini attor 
thy vortial eyiinox, Angiat fp the month of f greatest rainfall 
sil, with July and Saptiinbor, fimnighae over 7a per cent of the 
your's precipitation th Mavatlan, alwut ST percent at Topolo 
humpe, 53 por cont at El Paw, ‘Texan, fort Davie, Texas, atic 
fot, Dnien, New Mexieo, On the other loved, the ianthe uf 
Velituary, Match iid April sro marked by on olimiost entire 
hhecnid of procipitution, mzuremuting for this period only 1 te 2 
per oontof the years min oo the weatero cone) of Mexico, and 
abowt & per cent at Chihuahua, Mexico, the city of Mexiwn, 
i) Foss, Texas, fort Davis; Texas, and fort Unien, New Mexico 
(U4 tenn. 

This type dominate New Mexico, sare the small doviinnge 
bonding of the (ile jal San Jana, the trave-Pocoe negivn of Texas, 
anid protiably all of Mexia, mxcoeph Lhe water camest atid promsitl y 
the southorn part of that conniry, ‘The proof of its prevalence 
Li Moxicd reste tim ghetit ten yer’ observations pt the erty uf 
Mexino, ten at Puchlo (where, however, the type ie bon pidite nin 
the maxim falls in July, conforming to the maifall tera of 
Vora Croz as given by Lanniiae, “x vores at Mogatini, seven 
at Leon We Aldemas; five at rs aa tl and four at Tepalo- 
ban p 1. 

While the Mexican typeof rinfall does not absolutely obtain 
in Arizona, yel, tiken ae a whole,its influence is mere potent 
than that ofthe Pacific type The Arizuna minfall i¢ of a com- 
(posite type, the result of interference between the Pocifie and. 
Mexican. The primary maximum, clowly fllowing the Mexi- 
fall by pe, occum from aly to Audet, while moet gondrally the 
accom maxim falle with the Pacitie typ in Dion ber. 
Interference of the trpes, however, brine about the priiecipal 
Win in October and the secondary minimum im May or 
J tine. 

The following shows the departures from the daily | 
ming of 0288 ineh at fort McDowell, deduced from the longest 
nicunt (2 yao) in Aricona: Jatinery. 0 inch + Folrunry, 
JN3: Maro. — 0045 April, — 010; May, — eM ; cig — 24 
July,— O12; August, O10; Soptianler, (0th; Ooboler, — O14: 
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November, —001, and Diownber 028. Similarly Colorado and 
u portion of Texas to the eastward of theo Pooos watershed ex- 
porionde a composite type of rainfall arising from interference of 
the Mexican type from the westward and the Missvari type from 
hi enstwird, 7 | 

Colorado haa ite principal rainfall maximum in dole or 
Augost and ite principal minimum in January, while the 
enonndary waximmn deers iy April or May and « accoudary 
minimum in June. Itix hardly necestary to state that dertate 
lientities, sccording to their comthrulty elther to the simpli 
Mecioan or the dimple Miesuori type in thelr minfall, rowerse. in 
erder of linportanes the primary anil eecdndary meetin mnie 
‘minima bete ineuticned. 

Tih hat a great cliversity of rainfall fluctontions, resulting: 
from its being #0 situated that Tt i wore or low inflaenced! from 
differen) quarters by the Pacific, Mexican, and.even the Minor 
twyre the firwt nomod being moet protect, expecially if thu western 
wel extreme northern part of the territory. 

The * Missouri” type of rainfall is the moat importint in the 
United) States, liath frome the vist area over which it obtains and 
ales from ite exttemely thvoruble hunrlig on sygrioultary, Thi 
type doininates (he watersheds af the Arkansas, Missouri, ond 
upper Missisxippi rivers and of lakes Ontariv and Michigan, 
as well aa over Oklihotow and the greater part of northorn Texas, 
thud dovering Montana, the Dakotas, Mintesota, Nebraaiia, 
Kansans. tows, Missour, Oklahoma, Wisconsin and Uno, 
tozether with parta of Arkansas, Texas, Michigan, Indiana and 
Enilian territory. 

The Missoni type indiomte: a yury light winter precipitation, 
followed in lute spring und early summer by the mitjor qindintity 
of thir vearls min. Thewret of conmtry covered Loy tile type ts 
ow? Linge thot certain slight modifications ootlel Tho suivtiedpated. 
For instance, while the Juno miiihill i a8 a rule the met abo 
itt, vet along the enstorn slope of the Rocks mountains tho 
May rolnfall is somewhat greater than that of the following 
matith., Again while Jangery is usually the month of least 
precipitation, yet in some localities the minimum hae a ten- 
dency to ocenr im, December and it others to delay iteelf antil 
Fobriary, 

As example of the Miswari type, there tee here presented 
rainfall date fre Miley, Hingis, meeord of 20 years; AM wiseint iter, 
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lowa, 45; Ristiarck, North Pukota, 18; Fort Randall, South 
Dakota, 82; Fort Riplov, Minneseta, 27; Fort Riley, Kansas, 36; 
Minn, Missourl, 43: Port Shaw, Montana, 1; Oninha, Ne- 
bridles, 4, and Madison, Wisconsin, 24 year : 


Norevel nity Mavnfell coed Elperrtirce therefrom. 
( Tiles are tn _frewitione oy an inet) 
RTATIO“A, 
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The genera! character of the Mixeourl type is, perhape, satie- 
fnetorily. Hudtrited by the rainfill of Nebraska, this state being 
central, as regarding this ty. In Nebraska only about 6 per 
eenk oof the vines precipitation ovctirs frum December to Feb- 
rinty,inelisive, In April, however, the porcentage of the entire 
annual ritnfall d 11, in May 17,in June and July 10, mok- 
fh about (0 por cent for these four mouths. In other words, 
three-fifths of ihe yourly rainfall] oeeurs most. opportanely 
(oring the period whem it ie most eneticial to the growing 
crops, Itiewell known that the annaal rainfall ie small, yet 
Nae Gini Mae, vot. VL 
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mater Nebraska rovcives during thee fur months, April to 
Joly, inelasive. a lorzer amennt of minfall than the Interior 
portions of the eastorratates from Maine te Virginia; an western 
Nobrmaeka tomives only w slightly lessor omeont, While te 
rein precipitation of the your diminishes te the northward and 
weelwurd Of Nebraska, yetthe sume fieorable type of distrilm- 
tion preville. 

The Missourt ivy changis by interference with the Mexinn 
tipo in the eouthweet, the Tennesne tepe to the aonthenst, and 
the Saint Lawronee to the northeast, 

The “ Tenneson” trys, althoigh not covering a riry exlondod 
nazicn, is well aerked, We highoet miuhills ieourting the last of 
winter or thy firet of spring, while the minimum is in mid- 
ECL TLAT 1. 

‘The Tennessee type obtaing over Tennessee, Arkaneus, Mis- 
sisippl, eastorm Kentucky, western Goonia and, except.on the 
iromtinte ul comet, in Alubara aml Lovivans, n some 
localities (western Kentneky aud Tinneusen aid adjacent purts 
of Arkun#as) thorain of Webrnary slightly exceeds that of March, 
the naunl month of miximnun, while in northern Lonisiina and 
wljacwint regione, the tondeney Is towant slightly greater rninfnl ls 
to April that in Martel. 

tia ole te be noted that th some cases there ie a tendundy 
taward the mininon mini) in August or Septomber nuther 
than October, in which month the minimum. occurs for the 
greater portion of the area. - | 

Montgomery, Alabama; Atlanta, Georgian; Chottinooga and 
Momphis, Tennestes, ane example of the Tetinesece type of pre 
cl pita tion, 
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Exeopt-in New England the entire watershed of the Atlantic 
coast experiences a typo of rainfall distribution which extends 
, Aa She drainage | hosinef the tpperOhioriver, "This types ealled: 
the “Atlantic” and is one wherein the distribution theogh- 
dit the vine fs nenrly uniform, The minfall of Philadelphia, 
record of 78 years, shows that the minima thaily rainfall of 
‘Oetober and Juntiary ia 03 per tent of the taxinum daiky tell 
di August. The mout copious precipitation vecurs after the 
suiiiner solstied, while tho mininon rabnfall is,as.0 role, duting 
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the mid or lite autotin, the increases until early spring bettie 
very emul and irregular, Gonerally, may Ww end thot awell 
jnarked tendency oliing alone the ciel bowurtl A\yruat ne the: 
month of maximum rainfall, With inerewsing distaner Sree 
the Atlantic oown, oid prohably owing to influenee of the trad 
Appalachian typos, Uie time of greatest preeipituthon gonerally 
shift io July, while the mintmun minfill, which ooouns duriniye 
November from Floridata western New York. gradually changes 
to October wlong the slope of the Appalachian range and the 
uppor Ohio valley, as shown in both pluses by the records of 
Augustay Goorgia, and Pittsburg, Meonsylyania, | 

The offedt of interforunne of the Saint Lawrence type exten- 
‘ing southward ts evidetit al Troy, Now York, in ite oinimiony of 
February and March, and even ad faras Vhiladiphia it exercises 
a very slight inflnetics, | 
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The Newt Eugtond Type: ST 


in New England the Atlantin type is seriously modified aiid 
the churnoter of the distribution, difficult to determing with ex- 
setnes owing to the slight warintions, iH possibly allueted hy 
the interformnes of the Saint Lawreaw type. In conse nence, 
wii find in New Bagland « composite type in which the August 
inaximum of the Atlantic typo is generally primary, and a 
November maximum accondary, though in some lnealities thie 
maxima are revereod in order af their importance ‘The Athuitie 
November minimum is replaced: by a Juno jirimary minimus 
while a secondary minimun fills in some lomlities In September 
anil in there in April. 





Norrand efirily Revinygferll snel [hpetrtures (here ruae., 
( Votues are in feeetions of em inch.) 
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The distribution of ria through the Saint Lawrone: valley, 
although of composite type, probably merits from ite peculiarity 
io bo dosignated separately aa the “Saint Lawrenve” type. The 
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charneteristirs ata achrcity of frocipltation dure the sping 
torths, April being very deckledly the month of leant eidonfall 
falluweil hy Oetebur, and a heavy: niinfall during the Late «yu 
mer aril late nitumni mouths with the tuiintion precipitation 
tit Novitnbdr aod nirthy as heave min in Joly or Anenat The 
leas niinfille of the Saint Lawrened valley dati Novembor 
any (ho mere romeriable in view of the fut that in this month 
the minim pregipitation cosa from northern Florida: ta 
cootml New York, 

Detailed! data tegarding this type is nod at honed, but Professor 
Charles Carpmutcl, chief af the meteorologicn! aervier of the 
Dominion of Canada, is authority: for the statument that the 
Minimo precipitation ccour i April at Kingstun, Lerneche Hates, 
Montreal, Quelwe, Father joint, Saugeen, and Parry sound, as 
well a4 throughout the proviied of New Brunswick, fds in- 
torsting to nett that in the composi’ nilofall types of New- 
foundlond and New Brunswick, as well na along the grits 
part of the Massuchusett and Maing coasts, the Novembormax- 
Ivtin olittins, ad in aga role the principal riaxinuun, with 
Mareh a¢ the mpoth of secondary maximum, althoach insome 
localities these maxima are reversed in order of importance. 

There may possibly be added a Gull type, a called from ite 
provilonwe along the northern shore of the pull’ of Mesion, 
Where the masini rain falls in September and the winnie 
tt the onrly apring, Western Floridy and the Terns conste aru 
the ohly seotlone in which this obtains, The normal daily mi 
fill ait Key West, Florida, of 47 veara, ia 107 Inch, with dipart- 
ures at follows: Jitinary’,— 08; Fibroary, — «0; Mintehi, 
— J02; April, — 0H; May, — 06: June, M4: July, AD 
August, 065): Sipkonsher. 111; Oetobor, fe: Toventbae: 
— .OG4, and Ducembwr, — 43 inch, 

It is not within the seope of this paper to disease the special 
eis whirh prodiee these differing tvpes of rainfall) distritn- 
tion itn North America, Tt may be said, however, that theny ts 
Ho doukt inmy eotid thet the osmectean ‘heed winins phases af 
pret pitti sre sitnpely thy reenlt of the Muetistion thorctagbicittt, 
the yeor if almieapherio presore over North Amerles and its 
continous witters, thus affecting the relative positlons of high 
ro low arent and eoneqneitly cansing wield, either favorable 
oF Hifnvorable to procipitation, according to-semkor mel locality. 
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